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Introduction

Busy time now at CDF !
Lots of activity in physics analysis

several different physics
groups

Top quark _
W/Z physics High P+

Exotics

Cross sections for various physics processes vary over

many orders of magnitude:

processes of interest are often buried under heavy background
need good rejection factors, selection and analysis strategies

Optimize event selections for SM physics and
new physics as in both cases the composition
of the samples are important

V'd \
Common datasets

Common identification/reconstruction cuts

4?5, SUSY and Background Cross-Sections

o

1™
Jets
2 |
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The Experimental Apparatus

the Fermilab TeVatron
The CDF detector

Physics Processes and their Signatures
From W/Z to the Top quark and Beyond

Leptons-only final states (and isolated
tracks)

... + Missing Energy and Photons
+ Jets and heavy flavors

The puzzle of Nature....

photon

antiproton




The Experimental Apparatus
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Run II Luminosity

Data for Physics 340 - 390 pb-

Data Taking Efficiency

excluding “compromised L(recorded) / L(delivered):
SN L beam losses, Triggers/DAQ,
COoT performance DEI'IOd COT related, other systems
2002 2003 2004 | : |

7 500

2=

% CDF Il Physics Data

g 400 7 Recorded

€ — Good w/o silicon

—

D 300 - — Good w/ silicon )

.Store Number

Run Il Goal > 90%

Error on luminosity is + 6%
0 oo o0 2500 3000 3500 =1.6% due to CLC systematic error on

Store Number CLC rate
=4.0% due to CLC acceptance sys

=3.8% due to limited by knowledge of pp
inelastic cross section.
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The CDF Detector

| The Experiment studies interesting collisions between protons and antiprotons

Muon System |

T

X
.
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. Partly New
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Transparent tracking
in a magnetic field

Absorb most particles
with calorimeters

Surround the outside
with muon chambers

Electronics to read out
each subsystem

Computers to record
and analyze data




Trigger and DAQ

Level | Input/Output | Rejection| # Information
Rate Paths
1 1.7MHz / 25kHz ~70 40 Tracks, EM/Had Cal, Muon
2 25kHz / 350Hz ~70 120 Shower Max;SVT
Algorithms run in Processor
3 350Hz / ~9 300 Full Detector Readout
70Hz(20MB/s) Offline Reconstruction
]
Trigger Paths: COF Preiim. ¥
e, u,rT,y, track, jet, B, v, ... %00
« Combinations of these objects -
P Impact Parameter:
. ool 33um Beam [Spot
. _ do 30um Detector Resolution
Silicon Vertex Trigger @B |
(SVT) P L

-

i1 (0035 i1 h 015 (1
SVT Impact Parameter (cm)
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Arackirg  Hlectramaonetic H:::_:II:-n Muon

chambar calarimaier chambar

Tracking

lerrost Layer ., ———m P . Outerrnast Laver

- COT: open cell
drift chamber

P

END PLLIG EM CALORIMETER
EMDPLUGHADROH CALOAIMETER

z ] 0 1.5 2.0 2.5

o] ) ' SVE 1l ~ INTERMEDMATE
1| ISL | Jf ' 5 LAYERS SILICON LAYERS

(R ,-u-"'"‘
—
90 cm
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Electrons and Photons

Urackirg  Hectromaonetle  Hadron Buan
b s

ChalTiod calarimaier caOrimatal CRAmMIAr

= Electrons and Photons
get eaSIly absorbed by - || rast Layer. P Outerrnost Laves
the calorimeter

= Tracking association

gives the ability to run 1147806 event 1167222 Et(el)=44 GeV
identify a charge 80 Et(e2)=42 GeV
particle, the electron. 6D Et(p1)=46 GeV

uT 40 < - Et(p2)=26 GeV

20

MET=13 GeV

M(el-pl) =92 GeV/c?

M(e2-p2) =91 GeV/c?
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Muons and Neutrinos i St o i

cFarnmer calorimetsr  calorimeter chareber

= Muon can penetrate lots of material rermost Layer.., ————————F .. Querros: Layer

before getting absorbed.
= Easily identified as coincidence CMP CMU
between tracks and muon chambers leta] < ~0.6 letal < ~0.6

hits: MIP o o

L cmx
2 ‘:?/ 0.6 < |eta] < 1.0

CMX Miniskirt:

/ Wedges 16-19

= Neutrinos rarely interact at all.
= Since they have no charge, there is no track associated to them. A ‘
= They don't leave energy in the calorimeter i ey >
= They leave the detector undisturbed... '
= The presence of the neutrino is inferred by its absence!

= Missing energy to the total energy of the event.
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First pieces of the Puzzle

Neutrinos:
Large Missing Enekgy
(Only Transverse: E

Photons:
EM Calorimeter
cluster with no
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Z0 Vector Boson Production

p AN

@
e
%

angle between 6

H Very low backgrounds (QUD. Z—TT, cosmics) © < 1%

Ilmportant systematics : PDE"s, Material Descriptions

p and e- Z'
L5001
> [« Z->ee DATA (4242)
_'1_9_400}D Z—>ee MC CDF Run Il Preliminary|
g T ILdt=720pb'1
11300} '

2000

100 \I/ \L

0. .

g“

i N
50 60 70 80 90,100 110 120 130
M., (GeVicY)

oxBR(Z—ee) = 255.2 +3.9(stat) = 5.5 (sys) = 15.3(lum) pb
oxBR(Z—up) = 248.9 +5.9(stat) *7: ., (sys) = 14.9(lum) pb

1/19/05 Simona Rolli, Tufts University

> Central-Cenlral
> 180° *
"« Zowuu DATA (1371)
160 F
[]z mumc CDF Run Il Preliminary
'; 140» L
q 20 + k J‘ Ldt=72.0 pb:l
100 *
80 +
60 i
40 +
20 §
0 50 60 70 .100 110 120 130
Mh (GeWc )

—p

Extended measurements
of cross section are
well advanced
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Drell-Yan Measurements

CDF Run Il Preliminary

J Ldt =720 pb"

|
Evis./GeV/c

angle between 6
p and e-

-

e-
_0(cosf >0)-0(cosh <0)
o(cosO >0)+o(cosO <0)

Ap

om - ..
— CDF Run Il Preliminar . W IR oM LW W W
< 1t 1 y p, (GeVic)
0.8 .[L=72pb'
0.6:_ i . 3 = N e e - , Faa

- | # Production properties : eventually feed
0.4 ~m— into precision measurements (M)
0.2

= ZIv* —e’e"MC _ -

;_H_ Lbandincludes || # N <3.0 : using full detector coverage
0.2 calculations =p | s extract quark. Iepton couplings & sin
04 ! Statistical . . - W

= Total e sensitive to new physics
06=—. . . . . ' B

40 60 100 200 300 600

M. (GeV)
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Searches in dileptons

G-BriZ'— ee) (ph)

10

10 §

-1 .
10
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CDF Run Il Preliminary (200 pb 'I}

o BriZ = 11 limil (95% C.L.)
o-BriZ'— 1) LOx1.3

570 GeV (Z,)
610 GeY {Ex}

750 GeV
(£ SM coupling)|

CDF Run Il Preliminary (1?3pb_1]

Events L 5 GeV
q\:

= SM prediction
B aco dijets

[ ] tau-tau, ww, Wz, 2z,
tt, W+jets

Mo

Forward
electrons :

1.2 <In|<2.5

600 700
M.. . (GeV)

=]
=}

x[om) o

400 600
Z’ mass (GeV/c™)

Calornmeter
seeded S1
tracking

-
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New Physics in Dileptons

Calculate the acceptances for resonant states for 3 different spin assumption

G-Br(V— ee) (pb)

,  CDF Run 1l Preliminary (200 pb )

(0,

10 T T T
—e— oBr(¥,— es) limit (95% C.L)
2 NLO oBil¥,— ee)
10 F Chondhury, Majhi and Revindran E
MNucl. Phys. B&60 (2003) 343
10 1
=
&
1 3
Bl L
10 1 N
=1
A
2 b
10 1
a
"I SUSY ’
o ‘ . ) 0 CDF Run 11 Preliminary (200 pb ")
200 400 600 800 — e G:Bi(Z'—s ee) limit (95% C.L.)
gt 2
Vv mass (GeV/ic ) G Br{p,o;— ee) LOx13
M =M
Pr_p O
1 Mnr_MpT - 100 GeV]
=
&
3 1
1t 10 (
)
=1
A
[e]
g7 | Mr=400Gev
M. = 300 Ge
M, - 200 Ge
3
10 . . .
200 300 400 500 600
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P, ®p mass (GeVic 2)

2)

CDE Run 11 Preliminary (200 pb ™)

10 T T
—+— GBuZ'— ee) limit (5% C.L)
OBr(Z,— ee) LOX1.3

1 E
1

10
2

10 ¢
-3

0 L L
400 600 ) 800

Z, mass (GeV/ic )

6-Br(G—ee) (pb)

3
10

5
10

CDF Run 11 Preliminary (200 pb )

—— G-Br(G—ee) limit(95% C.L.)

G-Br(G—ee) PYTHIAX 13

Randall-Sundrmum Model

ED

200

400 600

N 800
Graviton mass (GeV/c )

® Randall-Sundrum graviton model

4-dimensional metric multiplied by warp factor

exponentially changing with the additional dimension
Generating a large hierarchy does not require a large r,

The coupling of individual KK states to matter is set by

the weak scale (parameters : Mg and k/M; o)
KK states can be observed as spin 2 resonances

Simona Rolli, Tufts University
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SUSY in dil/trileptons

1/19/05 Simona Rolli, Tufts University
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W+ Production

W= vector boson production

Transverse Mass - W—ev

) CDF Ryn I Preliminary, 7|2pb'1

% 3000
S « 37584 W — e v Candidates
© 2500 O sum
o~ D W->evMC
hoa i ~ J acd
« 2000 O w-1vMC
———————— § 2 >eeMC Transverse Mass - W—uv
E 'ﬁ?—l— W 4s500) L _CDF Runll Preliminary, 72pt’
- NU 22007 e 31722 Wopv Candidales
1000| [ % 2000 [] sum
h E o . [] W—v MC
~ 1800 ZIy s MC
500 [~ . [ w—swmMC
] 15(”; [] cco
§ 1400°
W~ Production % 40 60 80 100 120 a0 W 1200
M, (GeVIc) 1000
W 800-
ha d 500
________ R
T 200
” -
i‘ h‘ 0 120 gzm
-_— M, (GeV/c™)
h B CDF Run Il Preliminary, 72pb'1
. > 9000
Backgrounds (QCD. W—1v, Z, cosmics) : 6% (e), 11% ([). © 8000 o S 37084 W = e v Canddates
™~
Important systematics © PDF's. Energv Scales. Material Description » 7000 8 ‘S’CB evMe
[
°© gw-stvMC
& 6000, Zly —>eeMC

o BR(pp =W

— ev) = 2782 = 14(stat) "% (syst) = 167 (lum) pb

o-BR(pp =W — uv) =2772 £16(stat)

+0% (syst) = 166(Iun) pb
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Bi>25GeV

O M e, i

0 20 40 60 80 100
E; (GeV)
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Inclusive W cross section (cont'd) {

.f’ e\
S i

>4

Following the same strategy

pursued in the |n| <1 region, EM cluster is matched to a 3D

full tracking is used in the track reconstructed using the

forward region Silicon detector only in the
Two 3-D hits & vertex seed region 1 < |n| < 2.8

silicon track (SISA)

. o~ =
*Ol seeded by COT hits L o00F COF Runll Preliminary @ *Data Electrons 1.1<n|<2.8)
[+] - B
. - . 10461 W — e v Candidates
- — |0 attaches COT hits to SISA  @go0F- ILdt =64 pb”
Tracking Efficiency & [sum
‘ﬂm{}: Mar 2002 Jan 2003
— 08 — s F W > ev(MC)
- | x ombline: -
2 o7l i . Ol Weoo - [ Jaco Bkg
1y = == (o] C
S 0.6 —x— - SISA 500 [ Jw > <vme)
© b —_ C
- — — | - . *o
£ 05- + a00f- [ Jziv > ee mcy
m . L 3 7‘\,7 -
£ o4r T 300
= E ' L -
8 0.3? . e o 200f-
0.2 -
g 100
041 . . : no "
E O 0 PPN . = = A A~ Y PO
P T e T R = S R R 0 20 40 60 80 100 120 140
1 1.2 1.4 1.6 1.8 2 2.2 MYW(GEV."C )
n

o x BR(W—ev) = 2874 + 34 (stat) = 167 (sys) = 172 (lumi) pb
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Summary and X-Sections Ratio

c}
—
an)
é oxXBr(W—lv)
1
‘ Test of SM! ‘
oxBr(Z—I"T) 4 CDFTI (plug c)
10 L % CDF (630) E CDF II (e +11)
NLO theory curves. T
Martin, Roberts, Stirling, Thorne % UAT (u) I CDF1(e)
¢ UA2(e) $ DOT(e)
0.4' | '0.|6' | IOI.SI o ll - IITZ' | '114I | I1{6. | IlISI o é |
Ecm (TeV)
g o Bripp—=W —=f)  o(pp =) ) [z ) Ty (fv) R, = 1086 + 0.1855) £ 0.16(5s)
a-Brlpp=Z =00y alpp=2) Tgz(ftl-) Ty R, = 1.10= 027 gtat) + 0. 1 gyt
The combined ratio is precise at 1.8% independent on the luminosity F = 10.M4+018 etat) + 0.13(3... n
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Wy and

Ly

Number of Events / 7 GeV

=
(=]
]

-
o

-

u- or t-channel

q— T q

Wi

AVAVA

AVAVAL FaL)

CDF Run 2 Preliminary 202

AVAVAS

Ipb

||||||||||||||||
il

Zy + vy

S

BO0O0 s

T T T T T [T T T 1T [T T 17T
data 259 events

Wy— vy MC + BG |
QCD + Zy + tvy ]

1 | 1|
20 30 40 50
Photon

1/19/05

5070
E . (GeV)

s-channel final-state radiation

Y L &

q

¥

Nevents‘” G eV

CDF Run 2 Preliminary 202/pb

[ [TTTT] I
# 69 candidates

|:|z~,f—>|| +NC +BG

|:| Jet—> v BG

1 IIIIIIII 1 11111+

=

I
10 20 30

Now V+y cross-sections well established, we are:
 optimizing sensitivity to anomalous coupling

"0 50 60 70

T

photon E; (86}

and new physics

>

+ testing the Standard Model irfw- Egﬁ?

ways unique to the TeVatron
(e.g. observing RAZ in
W y production)

10 &

Simona Rolli, Tufts University
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WW and WZ

« WW (SM 12.5 + 0.8 pb)
— Trilinear Gauge Coupling - hard to beat LEP (40k \WWW)

— Tevatron can produce higher mass than LEP. O, :f'
— Important backgrounds to Higgs search (H -> WW)! g;?}“m{”- 7 oy

q w* d w* Eﬂ* COF Il Preliminary 200 pb”
w & o &=z
vIZ T-H: M-+ Drek-Yor
v E L B - fakes
2 =W |
1 - W=
q W q W H}“£1
B b=
56 1.8
o(WW)=14.3 +54 =13 pb E
o]

-] di L] B0 100 13 40 B0 B0 M0

MET (GeV

 Still searching for WZ, ZZ (SM WW 5.2 £ 0.4 pb)
o(WZ)<13.9pb@95% C.L.
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Excited electrons

PR -1
CDF Iflun 1l l?rellmlnaw J[.L -dt =200 ptl)

E 10"} WEEESR(TSL#SQ?) - K
=

Observation of excited states of quarks and leptons 107}

might confirm the hypothesis that they are not

elementary particles , but composite states w0

Select events with eey in the final state and ol ]

look for resonance in M(ey) ey Gew)

At Tevatron, € can be produced via contact interactions or gauge mediated interactions

M./ A

run 1147806 event 1167222 Et(e1)=44 GeV
80 Et(e2)=42 GeV
B emsnssasasasasissanssesaesasasens '_gg Et(n1)=46 GeV
r 1 Ll
CDF Run Il Preliminary 20 Et(p2)=26 GeV
0.8} J.L-dt=200pb'1 ~
06}
95% C.L.
Exclusion Region
04+
MET=13 GeV
02}
M(el-pl) =92 GeV/c?
0 L

M(e2-p2) =91 GeV/c?

200 400 600 800
M,. (GeV)
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SUSY searches in diphoton + F;

GMSB scenario
NLSP = %, — vy G PP —=(X =) %% %% mmmp |2y+E;

Sample selection (84 pb1) A (TeV
e 2 central photons E; > 13 GeV 50 55 60 65( 670) 75 80 85
e cosmic rays and beam halo rejection y T

=| Missing Et Spectrum :
CDF Run Il Preliminary (84 pb

CDF Run Il Preliminary (84 pb™)

10 o _
E ET>13, In¥l<1.1 §1 R S ,95/°C.Lhm't. ............... ®
0 100 e Data - C
& Jet background o -
=10 W oy o [ ?‘ofaﬁg
kr M ey background X i

1 o

Neutralino NLSP
in the yy+E; Scenario

1 1 I I I L
220

120 '140: 160 180 200
Chargino Mass (GeV)
For Missing Et>25GeV
Expected background: 2+2

——— > | M(C,) >113 GeV @ 95% C.L.
Observed: 2
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Jets

= A quark or glUOﬂ ﬂylng out of lracking zleetromagnetic  Hadren Auan
the interaction point wil bk ot et ke
generate lots of hadrons "3 P
moving in the same general n B

e

direction: a jet.

Inrermoet Layrer., = L Chrermnost Layer

Highest mass event
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QCD and Jet Physics

d
=)

d% !/

The Tevatron is a Jet Factory: all production processes are “"QCD realated”
Optimal understanding is basic for all analyses:

-Main parameters (ex: gluon PDF’s in high x)

-Non perturbative regime (ex: underlying event studies)

-Studies of specific processes where QCD is important S NLO QCD (JETRAD)
21 3 Cone R=0.7, [n| < 0.5
Probing higher energy scales: ity
Precise test of perturbative QCD at NLO 0p o reeTey
. 107 x5@E600GeV
Look for deviations from SM predictions as a sign of e E=1sTev ;
new physics . . . o 1
Py Increase in the kinematic range | ¢ 2@ac0Gav
;‘102-_ 0= 100 200 300 400 500 = 600
0 CDF Run Il Preliminary N p, [GeV]
:ié' 10 & Integrated L = 177 pb'1 A CDF Run Il Preliminary
'U; ’L ? 0.1 <npel <0.7 %ZE: Integrated L = 177 pb" I :i
s JetClu Cone R = 0.7 S TEE o e 07 Py E
E S X
0' g -
10" E :437_ : The error band shows the
10" &« Run ll Data Y e P : change in the cross section
10° & []+/- Systematic Uncertainty gzg T Mopachumenany (CTEQE1) l ’ E due
107 %——NLO pQCD Uncertainty (CTEQ 6.1) g 1.§i — R E to the 5% energy scale
0 w030 40 500 800 e % —tmeertainty

i Inclusive Jet E, (GeV
Inclusive Jet E . (GeV) nclusive Jet E, (GeV)
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Completing the Puzzle....

Jets:
energy deposit in

Nn-¢ cone
m| < 3.6
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Leptoquarks

= Leptoquarks (LQ) are hypothetical particles ‘LQs can have:
which appear in many SM extensions to explain —spin 0 (scalar)
symmetry between leptons and quarks
= SU(5) GUT model
superstring-inspired models
‘colour’ SU(4) Pati-Salam model
composite models

«couplings fixed, i.e., no free
parameters

*Isotropic decay
—spin 1 (vector)

= technicolor
«anomalous magnetic (k) and
electric quadrupole (A;) model-
dependent couplings
- LQs are coupled to both leptons and —Yang-Mills coupling: k=240
quarks and carry SU(3) color, fractional ~Minimal coupling: Ky“1, 2.,=0
. ’ -D lit rtional to (1 + cos0’)2
electric charge, baryon (B) and lepton (L) scay amplitude proportional to {1 + ¢0s’)
numbers
J g /LQ g m?r _____ LQ = Experimental evidence searched:
}Wﬁi\ LQ = indirectly: LQ-induced 4-fermion
“lg 9 2999 . LQ interactions

g g La = directly: production cross sections at
- | collider experiments
< LQ
TR -a
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Leptoquark Decay

Each generation can
decay into 3 final states: P = Br(LQ—Iq)

| Exclusive fo the Tevatron |

=1

8=0.5

=0
LAlQ — ligq 2[+2j BR = p2
LQ LA — Ivqq [*MET+2j BR = 2p(1-p)
LALlQ — vvaq MET+2 BR = (1-p)2
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LQ search in vvijj

Signature: Large MET and 2 jets

Sample Composition:
W/Z + jets
top
QCD fakes

Expected =118+14

124 events seen after analysis cuts

nre
%

B =BR(LQ—vq) = 1

CDF Run Il Preliminary

>

0,

o J.Ld1=191 pb”’

£ 40} — e Data

L% || QcD prediction

30 [ ] +SM EWK/ i prediction

B LQ(m=125GeV/d)

101

200 250 300
Missing E + (GeV)

0_ L —— "
50 100 150

CDF Run Il Preliminary (191 pb i )

i)
a
CYg ———— CDF Upper Limit, 95% CL
2N
:" 10°¢ Theoretical cross section (PRL 79, 1997)
:; LAWY e CTEQ5M, Q=m(LQ)

CTEQ5M, Q=0.5m(LQ), 2m(LQ)

Flavor independent

1/19/05 Simona Rollj,

10 o
78 - 117 GeV/&
[ T R A T N N R 2
80 100 120 140
Leptoquark Mass (GeV/cz)
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Search for Scalar LQ in dileptons + jets

. Selection
< 2lectrons (CC.CF) E, > 25 6eV
T o v 2jets, E{j1)> 30 GeV, E(j2) > 15 GeV
v ZVeto (76 <M < 110) GeV
v Electrons/Jets: E i1V + Ej2¢2), 85 GeV

v CE,) *+ EG,D2+ (€ Le,) * E le,)?) 172 > 200 GeV

Sum of Ejets) va. Sum of E{leptans)

Selection g =

< 2 wmuons with P > 25 GeV bl .

< 2 jets with E(j1,j2) > 30,15 6eV “ ‘#&.M

< DPimuon Mass Veto: T e
% 76 <M, <110,M, <15 6eV —

% Edj,) + E0,) > 85 GeV and P.{u,) + P.{u,) > 85 GeV
2 L(EG) * EG N2+ (P lu,) + PAu,N2) 1/2 5 200 GeV
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Scalar LQ in dileptons + jets

Combined Total Acceptance

CDF Run |l Preliminary (198 pb™) |

$ 100 T
& E
g 10— E —_
Eo T 2
3 e g 8 ° ' =
E F - " =
g F . e e E 10
8 E . 0 0 . o . 3
s 10 " =5
g E 3
@ ob— Lo e b b b b 1w
£ 200 220 240 260 280, 300 320
X Leptoquark Mass (GeV/cz)
| CDF Run Il Preliminary (203 pb™) | 1
= == L L é g e B =
g2 eJJ ]
o - J
10 s 10°
- p=0.2 |
1 p=03 E
C p=04 ]
B =05 i
L p=0.6 .|
b5,
10-1 — B=0.‘9 -
S | | \ I I M
80 100 120 140 160 180 200 2220 240 260 280
Leptoquark Mass (GeV/c")

A e

N\IHH‘ T \I\IHI[

TTTT

Theoretical Cross Sections, Phys Rev Lett 79, 341, '97

W]

CTEQ4M, Q=M
CTEQ4M, Q=052 M

95 % CL CDF Upper Limit

J\IHH‘ L1 1Ll

L1l

bl 1L W f T BN

| L A0 4 I\ AT
120 140 160 180 200 2220 240 260 280
Leptoquark Mass (GeVi/c")

80 100

Combined Total Acceptances
—=— With Tracks
—=— No Tracks
—=— CMX-CMX
05| cMUP-CMX
—-— CMUP-CMUP
—— CMUP-TRK

d
S
g
2
S
2
8
K
£ 0.4|—— CMX-TRK .
] 1
4
e
5osl
E [ ~2.5x
g L
o - L] |~
3 02 3"
o f }
'4,-" M
§ o1l
gk . X
-2 A S g ¢ 4
o b S S-S S A
160 180 200 220 240 260 280 300 32

-
Leptoquark Mass (GeVic?)

Exclude at 95% CL M, <235 GeV/c2 forp=1.0
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a.q q
LQ <
g . ," LL,Y
‘- q
a <
gsa l,[.,\"'

SM background

> W +2jets

> Top (I + jets and dilepton)
> QCD/Fakes

9.9 q
LQ <
g '/‘ eV
. o
Ia <
a.9 ey

1/19/05

Selection

MET > 60 GeV

2 jets with E; > 30 GeV
Ap (MET-jet) > 10°
E.(j1) + E4(2) > 80 GeV
M. (e-v) > 120

LQ mass combinations

L NN N NN NN NN N

Selection
Z veto (tight/loose pair)

No 2™ muon (CMUP, CMX, or
stubless)

P_(1)> 25 GeV

E.>60 GeV

2 jets, @ E>30GeV
Ad(u,E,)<175°, AG(E . jets)>5°
E (jet1)+E (jet2) > 80 GeV

M. (E,,Muon) > 120 GeV/c?
Mass Cut

Simona Rolli, Tufts University

Number of Events

Number of Events
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% 50 100 150 200 250 300 350 400 450 500 ,
Transverse Mass jet-MET (GeV/c ")

Search for Scalar LQ in lepton + MET + jets

1central electrons with E; > 25 GeV

Veto on 2nd electron, central loose or Plug

CDF Il Preliminary, 203 pb . Data

—— LQm =200 GeV/c?

S

= | P2 | I A P il 'oreh e
0 50 100 150 200 250 300 350 400 450 500 ,
Invariant Mass e-jet (GeV/c ")

CDF Il Preliminary, 203 pb’1 Data

—— LQm=200 GeV/c?
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Scalar LQ in lepton + MET + jets

Exclude at 95% CL M, <170 GeV/c2for f =0.5

Combined Total Acceptance
@ 100 (=—er T T
8 E|
Y . E
2w E | CDF Run Il Preliminary (198 pb’) |
w =
s 701 = — LA e e o e
3 F E 2 C I I T T Theoretical Cross Sections, Phys RevLelt 79, 341,'97
_'%' oL E =~ - CTEQ4M, Q =My,
Y S0 E o CTEQ4M, Q=05,2 M,
';Eé 40;— T E 10 95 % CL CDF Upper Limit i
g 30 o . * . E B
Q 2f T e C 7
8 T o e f
3 10 HE = - B
S PPN R DN PRUT PEUT FEUT PEUT PUTT FETE DRI PO r N
£ 100 120 140 160 180 200 220 240 260 280
X Leptoquark Mass (GeVIc’) 1 = —
| CDF Run Il Preliminary (203 pb™) | E p=01
5 L LA e o o B - B:og.Zﬁ
Q B 7 . E=04 -
= B L] 7 s
"l ev -
10 — | S R AT R ] PR RN AR BRI AR
F 3 80 100 120 140 160 180 200 220 240 260 280
E ] Leptoquark Mass (GeVIcz)
C ] \ |
d' L
1E E =
= = @ L
E = o
C p=01 N
B —oz | EO.B -
E;ofs g- -
Zoa o I
05 g 06 -
-1 [~
10 = = e T
(SN BRI BRI TRTRTE). AT A [P IR BRES BRI VR s T 04 |
80 100 120 140 160 180 200 2220 240 260 280 E r
Leptoquark Mass (GeV/c") 2 -
¥ 02
o L A S AN S B

-
reg
=3

Exclude at 95% CL M, <176 GeV/c for § = 0.5 L
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Final Combined Limits

Joint likelihood formed from the product of the individual channels likelihood.

The searches in the dileptons and lepton + MET channels use common criteria and
sometime apply the same kind of requirements ( for example on the tight electron
identification) so the uncertainties in the acceptances have been considered completely
correlated ( which gives the most conservative limit).

When calculating the limit combination including also the vvijj channel the uncertainties in
the acceptances have been considered uncorrelated.A correlation factor of 0.5 has also
been considered ( no difference)

OLIM - NLIM/(Saveragex‘é)

v o€ = (B2e(eej]) +28(1-B)e(evij) +p2%e(ee as ev) ) for the 2 channels case and

—average

v o€ = (B2e(eeji) +2p(1-p)e(evij) +(1-B)2e(vvij) +p2e(ee as ev) ) for the three channels case.

—average

Search For First Generation Scalar Leptoquarks Search For Second Generation Scalar Leptoquarks
b 1¢ 7 7 ’
09 - ’ .

08 -

07

06

05 F

04 -

03 |

02 ©

CDF Run Il Préliminary,203pb™ 0.1 =
. A i CDF Run Il Preliminary,198pb”
100 120 140 160 180 200 220 240 0 i T T N ST T S SN S T SN SO S B

Leptoquark Mass (GeVﬁ: ) 100 120 140 160 180 200 220 240
Leptoquark Mass (GeVIcz)
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Searches for 3rd Generation LQ

1/19/05 Simona Rolli, Tufts University
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Top Quark

Pair production via strong interactions
Central, spherical events
Large transverse energy
High P isolated leptons (tracks)
Heavy-Flavored Jets

0.88:0.11 pb

b

EW single-top production,
x2 smaller rate, not (yet) seen

> - q 4

W 1.98+0.24 pb *

h

1/19/05 Simona Rolli,

SM

New Physics 7

Tufts University
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Top Data Samples

W'’s decay modes used
to classify the final states:
dileptons, lepton + jets, all-hadronic

| B(t—>Wb) = 100%

Event count per jet bin

~

e Miss'!ME“e(!v
_ PhotgTl

o e-e(1/81)

O mu-mu (1/81)
= tau-tau (1/81)
He-mu(2/81)
m e -tau(2/81)

E mu-tau (2/81)
O e+jets

= fu+jets(12/8

1)
® tau+jets(12/8

1)
O jets (36/81)

£, CDF I Praliminary 200 55" Samples are defined by counting leptons and jets
gm — WW+WZ+2727 . )
3 + DrekYan Cross section results validate
. e ot top-enriched samples
0 E ——— + can also point toward new physics
S i 2

Jjet

1/19/05 Simona Rolli, Tufts University
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Top Decaying to Dileptons

P Y >
@

Small sample but very clean for top signal: 2 leptons, 2 jets and &

—-
[o2
o

), deg
g

r

-
N
o

100

[e2
o

AG(MET, closest |l or j
5 g

N
o

s
>
o

0 L 1 1 1 L 1 1 1 L
0 20 40 60 80 100 120 140 160 180 200

MC
® ee DATA|
CDF Runll M up DATA
Preliminary " DATA
en
[ |
¥ ¥
| ¥
¥ . ¥¥
|
¥
X ¥

MET, GeV

*

Tight e/u selection
complemented by

e/u + track selection It is sensitive to T lepton final state

Lepton + track sample has looser
ID requirements for second lepton

1/19/05

CDF Run Il Preliminary | L dt = 193 pb™ Dilepton Invariant Mass

- Missing E;

—_
£
=2
>
[}
Q
wn
o,
@
=
[
>
@
u—
°
1)
[}
£
E
-
=

CDF Il Preliminary 200 pb"
= WW+WZ + 727

= +Drel-Yan
= + fakes

Zow [ — +1tf (measured o)

N 2 2

« Data
Pic=57pp)
. DY ee, upn

. lepton fakes
B vwwiwz

-
(=]

Evants / 25 GeV
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Heavy Flavor jets: tagging tools

B hadrons in top signal events

ertex of displaced tracks Identify low-pt muon from decay

displaced
tracks

Secondary
vertex

e or [Lin jet

Prlmary 7

vertex e
A=="p
e b— fuvc (BR ~ 20%)
e b—c—flus (BR ~ 20%)

prompt tracks

55% Top Event Tag Efficiency 15%
0.5% False Tag Rate (QCD jets) 3.6%
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Top Results Using Tagging

Counting experiments with vertex tag and soft muonxtag in 3,4-jet bins

¥

CDF Il preliminary

C I 0 mist I 7] W + = 3 jets CDF Il Preliminary
160 mistags ] B Bkg+Top Mean:248.06 RMS:88.40
] Wbb ] 5 5 W"*’-g Fake Data Mean:222 59 RMS:66.55
E \:é?:iw _: B B T scaled to a =41 pb
3 — F [ Total Backgrownd with «T
s IE We ] L 4L % Dowi=126+7p0"
3 I WWWZ,Z—>1t . 5 L T
3 [ Single top 7 o I i
o “E3): Tot bkgd £ 1o ] T L “E
g s Data(162pb™) 1 2 3 ¥ :
8 — © g
“5 = > C Q|
- C ] [=] L
3 e0= - 5 20 o i
E C . 2 N
3 40 B require Hy > 200 for > 3 jets_J 3 E
200 I :
0 . | | _ L
1 2 3 = 4 50 100 150 200 250 300 350 400 450 500
Number of jets In W+jets H; [GeV]

Backgrounds estimate in the lepton + jets sample carried on:
» using data as much as possible (non-W QCD, fake tags)
» using MC calculations for diboson and W + heavy flavor
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An Alternative Approach: NN results

g

T 1‘5
\ "‘\

@'

ttbar and W+jets kinematics
differ modestly, but do so in
several different variables.

Develop a neural net

Statistical and systematic uncertainties

improved compared to single-variable fit.

No b tagging information is used

to use this
information optimally. a0 | CDF Preliminary (195 pb )
2] acn e dbar: 176+l
|Predicted NN output (195 pb )| g 701 ‘ ‘: i?ii'imm ?:::D,s ;.530 ifii
Nj=3 ttbar 19.0% 60! ‘ ’ M;}
50! W4+3p 63.6%
g other ewk 11.1% * 505 ‘
Good separation 40, |,
between signal 30 al
and background 2o | N | M |
-» 10 g, | !
% 02 o0a o6 08 ; 1
0 0.2 NN output
1/19/05 Simona Rolli, Tufts University 41



The Challenge: Hadronic top

Signature: six jets, 2 tagged
Large QCD background

Kinematical selection of the sample o

complemented by b-tagging of at least gmf_
one jet 2 o0l
"ol
Cross Section is a function of the 1201
number of observed tagged jets 100f-
sol

ooL & Eckg

ObservedTags — ExpectedTags a0 .
O = ave 0 20F

gkgtagL 0_—?— | | |
4jets 5jets bjets >=7jets
b-tag
Kinematics
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CDF Top Cross Section Summary

T:Tp Pair Production Cross Sectiup

1 e, =1 75 GelVi CDF Run 2 Preliminary

Ll-pti-'.ll:l"'TrHEh

=]
[=
H
Pl ibd
Gl
H
]
& Lh
F
]

g
.

L&ptunﬂ_-u.rp': on

&
] H: +32+18 = 1930
t Lﬂptun'l‘Lu[.):‘:nn: MET, # jets . )
° 8.6£33+11 =193
| . Luptun‘l‘Jats Hlﬂﬂmatlc )
7 4.7+38+18 =193
Lﬂptunhlata %nﬂmaﬁ:m NN )
] 6.7+]1+18 =193
- " »
| LeptontJets: V&r‘tax Tag+Kinematic
6.0t33+08 = 162007)
j Lepton+Jets: Vertex Tag
5. dto? w=16200"")

G
Lepton-l- ets: Douhluv T
a s . a*0s Tagged Jet 1: E1 = 62 GeV, Phi=1ll¥,l M = 5 mm
Lﬂ-pgl“l'l'Jﬂtn: Eﬂﬂ: Muon Tﬂ'ﬂ Tagged Jei 2: El = 40 GeV, F‘hi=291,-ll d Eme

+

“
b
M

1% =193

| b
All Hadronic: Vertex Tag
T.8+£22+33 (L=1650b"")
L] L 'I L) 1 1 I 1 1 T [ L] L) L] 'I 1 1 1 1 L]

2 4 6 8 10 12 14
ao(pp — t1) (pb)
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Top Quark Mass Measurement

= The Top Quark Mass is a fundamental parameter
of the Standard Model

80.6 —— 1
= Only fermion with mass near electroweak scale 1 —LEP1, SLD Data
_ | - LEP2, pp Data
= Correlated to other SM parameters via 8051 &8 cL
electroweak corrections e ?
>
t H 2 (05) CDF/DO
S = 80.44 | 2fb'goal
VY .
b W , 80.3 1
A MW a MT2 A MW a ln MH NeW PhySICS mH [Ge o 1
114300/ 1 Preliminary
80.2 +——— T+t
130 15 170 190 210
= Precise measurement provides stringent SM m, [GeV]

test
= Constrains the mass of the Higgs Boson

1/19/05 Simona Rolli, Tufts University
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» Why so challenging?
not just a calculation of M(W+b) lll
* missing neutrino

Top Mass Measurement Challenges

* confusion in ID (additional jet
from ISR/FSR, b-tag: not 100%)

* jet energy scale

Link observables to parton-level energies
» Accurate detector simulation vital to
precision physics measurements
» Large systematic uncertainty from energy scale

Method: reconstruct Mtop with 2 constraints,
M(W*)=M(W"), M(T)=M(t) data is fitted to most likely

mass template from Top MC

- Take the best combination over all 12 combinations

- Use all combinations(12) weighted by the diff. cross
section (full kinematic info): dependence on tt event
kinematics?

1/19/05

Simona Rolli, Tufts University

B=PP™Pt"9=(2+<APIF>)/(2-<APF>) | R=0.4

. 13—
121

oo}
08
07
08f
0.5b LT

e jet50 data 5.3.1pre2.

+— dijet50 MC 5.3.1pre2
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Top Mass Measurements

. I . CDF Run 2 Preliminary
Maximum Likelihood Mass 1 ® .
| CDF Run Il Preliminary (162 pb™Y) |~ M¢ Prediction 1ni 172,89 4 soast
" Signai Mc : M., = s ) | — Signal baric | Dilepton 1765 2100 s (Lo 15007
. ® ¥ Data 22 evenrs ] — & )
$ s v {Lepton+Jets: M. 0 b-tags 179107 £33 - 10307
o e 4
S 4 —y— ) p—t °
"‘;_; T v v | ELIIHI}H"'Jl'II: M,.21b-tags1749+]71+83% (= 16206")
T i
i 2 —¥— ] p— @
: {Lepton+Jets: Multivariate 1796 £53 30 (L= 162007
H — i
'}3 . —_ P —_— A5 6n
130 140 130 160 170 180 190 200, 210 220 {Lepton+Jets: DLM 177.8 £5, £¢3
Maximum Likelihood M (GeV/e)) 1 Y = 18206}
N PR ——
]Run 1 CDF Lepton+Jets 176131323 (Runlonly)
» Prospect:iom,, = 2-3 GeV with 2fb-! 1 "
[mprgvedjgf energy ecale 1Run 1 DO Lepton+Jets 180.1+:38+32  (Run!oniy)
- Accurate detector simulation ( jets) @ NP
4 ¥ ] I
— +JE.1' ET, Z*‘JET bﬂlﬂﬂEE, w mass :Flun1WurIdAﬂragn 178.0+37:+55 (Run!only)
|r1|r1||1|Tr1rr1r:|'||||r[||l||||r1||||r||r1
from fop 160 165 170 175 180 185 190 195
— Z—->bb mass for I.'J-jE-TS Ton Mass (GeV/c')
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The Search for the Higgs Boson ~ #*

&

SUSY/Higgs Workshop
("98-'99)

100} Higgs Sensitivity
Study ("03)

* Higgs Sensitivity Study (2003)
» combined CDF/DO sensitivity

[fh"'!m:p.l

g 10
E
E
E
) Sc discovery
— e 3o evidence
& SUSWHIQQI!: Workshop ('98-'99) 95% CL exclusion
Q : L L 1
- i . i 120/ 140 160 180 200
"E Higgs Sensitivity Study ('03) my (GeV)
- statistical power only
21 0} (no systematics)
8 I | upgraded silicon
E 10% mass resolution
= NN selection
u [l
% 5c discovery
— 3o evidence
E 1 - . 95% CL exclusion
= " . . .
= u Ly PR BT S i How much

M N
115 120 125 130 135 1
my (GeV)

100 106 110 40 gata will we get?
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The Search for the Higgs Boson

. SM Higgs cross section (HIGLU, V2HV) Indirect Searches
*gg—Hdominates but . o~——"" " "~ 1
= 5 pp, Vs=1.96 TeV
[=%
g!jet background too : o
1q... =
J :
2 WH -
* bb and WW decay 5 0 3
modes are best! ZH z
. SM Higgs_branchin-;l; ratios (HDECAY) =
L i " L " i . 80.1 ‘iﬁ“@ o
100 120 140 160 180 200 o
-E 7 130 140 150 160 170 180 190 200
& my (GeV/c?) Mp (GeV)
L=
£ o} * "
E WH+ZH ~300 fb at 115 GeV :
0
typical efficiencies ~ 2%
100 120 140 160 180 200 . - _
m, (Gevic) A daunting proposition! 3 o4
E=Bu.

59
Evidence for New Physics! —p * "f:@;ww

130 140 150 160 170 180 190 200
Miop (GEV)
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SM Higgs searches

M, <130 GeV: WZ+H{—) bb), M, }13[]GEV H—}WW

b PR : :

3 ¥ WH > Wb vaspwmeary aps th.a —iﬁu—-w W, = 180 GeV o Br[ph} 'CDF F'rn:-':llmmi-:r;..r
(=) ﬂl‘ " +r[ I = 4 : fakes . 10

= B v ® pvee  JCDF Il Prelim.

2 o B oo M By 184 pb"

§ g o " " - s WV bty
w B www s s #

(162 pbr) (184 pb-1)

D [Cos
Bl e i 18 ey

Mean 104 1+ 0.2 Gative”
Width 17,5 5.2 Sl

«== Expected limit
= Observed limit
— SM pmdictlnn

1 [ LEll g Ll La gz L g L Lz L L L
100 120 140 wu 130
M, (GeV)

uﬂ S0 100 150 200 250 300 350 400 450 S0
Mass (GeV/c)

« SM: Limits already exceeding Run | results.

Sensitivity beyond LEP exclusion starts at ~2 fb-.
« New Physics:

« Improvements expected from

— Better b tagging, topological (spin 0) information, more
channels(ZH), better mass resolution (Z - bb sample)
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MSSM Higgs

at high tanp:

» enhanced x-sections
* heavy flavor (b, t) preferred

® (from gg or qq) or bb¢ production with ¢ — Tt

Higgs - v+ Search, Mass of Lepton, 1, ﬁr

Events /5 GeV/c®
=

2

CDF Run Il Preliminary 195 pb"

-#- Data

[ JZ—11

[ClJet =«

Bl 1i Dibosons, Z—-ee up

1/19/05

150 200

M (GoVIc)

o)
L8
o [
14
- 12
m 10

R(A —11)

olpp — A) =
I - - ]

Higgs — t + Search, 95% CL Upper Limit

COF Run Il Preliminary 195 pb’'

120 140 160 180 200
m, (GeV/c’)
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